Effects of the substrate bias voltage (VB) on the film composition and the atomic density of TbFe sputtered films were investigated with Rutherford backscattering spectrometry in detail. The composition changes with film growth for the films prepared with high VB above -200 V due to the rising of the substrate temperature above the crystallization temperature during 600 sputtering. This causes the drastic increase of saturation magnetiz~tion (M ) of thick-films of about 1 pm thickness 500 prepared on the grass substrate with high VB'
magneto-optical application [1] . The substrate bias voltage IiI (VB) is a significant parameter to control magnetic properties :E and structures of RE-TM sputtered films. RE concentration of
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RE-TM sputtered films decreases with increasing VB due to the preferential re sputtering of RE [2] . Thus, saturation -100 magnetization (Ms) of the films changes with VB' It should be important to describe the composition variation with VB to -200 design the expected values of M&. The fractured crosssectional structure [3] , the corrOSlon resistance [4] and the electric resistivity [5] of the films change with VB' These facts suggest that the density of the films changes with VB' Indeed, the density of GdCo sputtered films decreases with increasing VB up to -200 V [6] . Therefore, we investigated with Rutherford backscattering spectrometry (RBS) the substrate bias effects on the film composition and the atomic 8 7 
6
density of TbFe sputtered films in detail. TbFe films were deposited with an RF diode sputtering method at Ar pressure of 30 mTorr with RF power of 100 W. Targets used were the composi te type, which consisted of Tb chips of 10 mm square on an Fe disk of 100 mm in diameter; Tb 29 and 22 area% targets. The composition of the composite target is shown with area% in each figure of this paper. Thick films were prepared by sputtering for 60 minutes and their thickness was about 1 pm. Thin films of 3000 A and 1000 A thickness were prepared by 10-20 and 3-6 minutes deposition, respectively.
EXPERIMENTS
Slide glass substrates (1 mm thickness), Si substrates (0.4 mm thickness) and polyimide substrates (50 pm thickness) were used. The thermal conductivity of the Si substrate (840 W/m/K) is by far larger than that of the glass substrate (0.55-0.75 W/m/K). The polyimide substrate was stuck on the water cooled substrate holder with In [7] . The temperature of the polyimide substrate kept about room temperature during sputtering with VB = -150 V, while that of the glass substrate increased up to 300 ·C. The electrical contact between the growing film and the substrates was confirmed by using silver paste. were investigated by Rutherford backscattering spectrometry (RBS) using He+ ions [8] . The crysta110graphic structures of the films were investigated by an X-ray diffractometer with Cu-Ka radiation. Channel Number lOOOA-films decreases slightly with increasing VB from -100 V to -200 V. This decrease of Ms is related with the decrease of the film density as discussed later. The values of Ms in thick-films and 1000A-films deposited on the glass substrates increase drastically with VB above -ISO V and -200 V, respectively. The Xray diffraction peak from (110) of bcc Fe appears in the thick-films above -200 V. However, Ms of 1000A-films prepared on the low temperature substrate (Si and polyimide) does not increase in such a way. RBS profiles are shown in Fig. 3 as a function of VB and the substrate materials for 1000A-films prepared from Tb 22 area% target. It should be noticed that the composition of the films prepared on the glass substrate with VB = -2S0 V and -300 V changes abruptly with the film growth in the different way from the other films. Namely, there exist the relatively Tb-rich layer at the substrate side where Tb and Ar concentrations are large and Fe concentration is small, and the relatively Ferich layer at the film surface side. This implies that the composition does not change with film growth until the substrate temperature reaches the crystallization temperature. After reaching the crystallization temperature, Fe crystalline precipitates because of nonsolid solution system of Fe-Tb alloy (10J, which makes easier the preferential resputtering of Tb. Also, the abrupt decrease of Ar content occurs due to both the rising of the substrate temperature [11] and the crystallization of Fe. If the Tb-rich layer at the substrate side is assumed to be due to the uneffective VB at first stage of the film growth because of the insulator of the substrate, then Tb, Fe and Ar concentrations of the Tb-rich layer ought to be the same as those of the film with VB = OV and also the same layer should be formed for the polyimide substrate. However, NFe/N Tb and Ar content of the Tb-rich layer are very different from those of OV-film. Furthermore, the abrupt change in concentration cannot be observed for the polyimide and Si substrates as shown in this figure. Therefore, it is considered that the rising of the substrate temperature cauSeS the formation of the Tbrich layer and the adrupt change of the composition during growing. The relatively Tb-rich layer at the substrate side for VB = -300 V is thinner than that for VB = -2S0 V. This arises from the larger rising rate of the glass substraste temperature for -300 V compared with -2S0 V. The X-ray diffraction peak from (110) of bcc Fe was detected for -300V-film. However, the (110) peak was not able to be detected for -2S0V-film, because of the thinner Fe-rich layer compared with -300V-film.
RESULTS AND DISCUSSION
We can see clearly Ar-signals for the films deposited on the Si substrate as shown in i~crease drastically with increasing ~B above a critical value VB*' The critical value VB* of thickfllms prepared from Tb 22 area % target is lower than that of thick-films prepared from Tb 29 area% target as recognized from Figs. 1 and 3 . The crystallization temperature decreases with increasing Fe concentration. The atomic density was estimated from the energy width of RBS signal of each element and the film thickness measured using a surface roughness-meter. The VB dependence of the atomic density is shown in Fig. S for the films prepared from Tb 22 area% target. Supposed that the Tb Fe sputtered film consists of three elements (Tb, Fe and Ar). NTbFeAr and NTbF~mean the sum of the atomic density of three e1ementspb, Fe and Ar) and two (Tb and Fe), respecti ve1y.
The density NTbFeAr decreases with increasing VB up to -200 V [6) ana tnen increases. The formation of the void in the films causes this VB dependence of NTbFeAr' The density N TbFe changes with V~ more abruptly than NTbFeAr so that Ar content in the f~lm is largest with VB = -2UO V as shown in Fig. 3 .
With increasing VB from -100 V to -200 V, Ms of 1000A-films decreases slightly as shown in Fig. 2 , though NFe/N Tb of these films increases gradually as shown in t'ig. 4. This decrease of Ms may be caused by the dilution effect of magnetic atoms due to the large amount of Ar atoms and voides around -200 V as shown Fig. 5 [13) . 
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Fig . 6 shows the VB dependence of the optical reflectivity and the electric resistivity of 1000A-fi1ms prepared from Tb 22 area% target.
The reflectivity in this figure was measured using a semiconductor laser at wavelength of 780 nm. The reflectivity measured through the glass substrate is smaller than that at the film surface because of the optical absorption of the glass substrate. Up to -200 V, the resistivity increases [5] and the reflectivity decreases because electrons in the films cannot move freely due to the decrease of N IbFe as shown in Fig.5 . The reflectivity is closely re ated with the density [14] . Above -200 V, for the films prepared on the glass substrate, the resistivity decreases and the reflectivity at the film surface increases because of the formation of the Fe-rich layer containing Fe crystalline at the film surface side as shown in Fig. 3 . The VB dependence of the reflectivity at the film surface of the films prepared on the Si substrate is similar to that of the reflectivity measured through the glass substrate of the films prepared on the glass substrate. This suggests that the reflectivity of the Tb-rich layer at the substrate side of the films prepared on the glass substrate at high VB is equal to that at the film surface of the films prepared on the Si substrate. Effects of the substraste bias voltage (VB) on the film composition and the atomic density of TbFe sputtered films were investigated with Rutherford backscattering spectrometry in detail. The composi tion changes wi th film growth for the films prepared with high VB above -200 V due to the rising of the substrate temperature above the crystallization temperature during sputtering. This causes the drastic increase of saturation magnetization (Ms) of thick-films of about 1 pm thickness prepared on the glass substrate with high VB'
The VB dependence of Ms reflects that of composition ratio of Fe to Tb except the region -100 V-and -200 V. In this region, the dilution effect of the magnetic atoms decreases Ms' The formation of the voids causes the decrease of the density of the films aruond -200 V. The optical reflectivity is closely related with the density.
